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PATENT 

Attorney Docket No. UM-03662 

REMARKS / ARGUMENTS 

Claims 22-25 and 27-37 were pending in this application. In the instant 
correspondence, Applicants have amended claims 22, 28, and 33 (without prejudice to 
prosecuting the original claims as filed, or claims similar thereto, in subsequently filed 
applications). Claims 22-25 and 27-37 remain pending after entry of the amendment to the 
claims in the instant correspondence. Claims 22-25 and 27-37 were rejected. The Examiner 
made the following rejections: 

A. Anticipation 

1. The Examiner rejects, under 35 U.S.C. § 102(e), claims 22-25 and 
claims 27-37 as being anticipated by Gosselin et al. (U.S. Patent 
5,789,441; priority to February 15, 1996). 

2. The Examiner rejects, under 35 U.S.C. § 102(b), claims 22, 23, 27-29, 
32-34, and 37 as being anticipated by Imai et al. (1990; Jpn J. AUerg. 
39 (10):1380-1387. 

3. The Examiner rejects, under 35 U.S.C. § 102(b), claims 22, 23, 27-29, 
and 32 as being anticipated by Martin et al. (1989; J. Clin. Invest. 84: 
1609-1619). 

4. The Examiner rejects, under 35 U.S.C. § 102(b), claims 22, 23, 27-29, 
and 32 as being anticipated by Johnson et al. (1991; Agents and Action 
33(3/4): 260-271)." 

5. The Examiner rejects, under 35 U.S.C. § 102(b), claims 22, 24, 25, 27, 
28, 30-33 and 35-37 as being anticipated by Fujimura et al. (1991; 
Prostaglandins 42(4):379-389). 

6. The Examiner rejects, under 35 U.S.C. § 102(b), claims 22, 24, 25, 27, 
28, 30-33, and 35-37 as being anticipated by Ludwig et al. (1998; J. 
Appl. Physiol. 65(3): 1424-1429). 

7. The Examiner rejects, under 35 U.S.C. § 102(b), claims 22, 24, 25, 27, 
33, and 35-37 as being anticipated by Ball et al. (1991; J. Pharmacol. 
Methods 26: 187-202). 
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8. The Examiner rejects, under 35 U.S.C. § 102(b), claims 22, 23, 27-29, 
and 32 as being anticipated by Johnson et al. (1985; Prostaglandins 
29(2):3 13-322), 

9. The Examiner rejects, under 35 U.S.C. § 102(b), claims 22, 24, 25, 27, 
28, 30-33 and 35-37 as being anticipated by O'Donnell et al. (Agents 
and Actions 14(1): 43-48 (1984)) 

B. Obviousness 

11. The Examiner rejects, under 35 U.S.C. § 103(a), claims 22-25, and 27- 
37 as being unpatentable over Gosselin et al. (U.S. Patent 5,789,441; 
priority to February 15, 1996) in view of Fujimura et al. (1991; 
Prostaglandins 42(4):379-389). 

12. The Examiner rejects, under 35 U.S.C. § 103(a), claims 22-25, and 27- 
37 as being unpatentable over Gosselin et al. (U.S. Patent 5,789,441; 
priority to February 15, 1996) in view of Ludwig et al. (1998; J. Appl. 
Physiol. 65(3): 1424-1429). 

The Applicants believe the present amendments and the following remarks traverse the 
Examiner's rejection of the pending claims. These remarks are presented in the same order as 
they appear above. 

A. The Claims Are Not Anticipated 

It is well settled law that, under 35 U.S.C. §102, anticipation, "requires that each and 
every element of the claimed invention be disclosed in the prior art. . . . [i]n addition, the 
prior art reference must be enabling, thus placing the allegedly disclosed matter in the 
possession of the public." Akzo N.V. v. U.S. International Trade Commission, 1 USPQ 2d 
1241, 1245 (Fed. Cir. 1986), cert, denied, 482 U.S. 909 (1987). Furthermore, "[t]he 
Examiner bears the burden of presenting at least a prima facie case of anticipation." In re 
Sun,2>\ USPQ 2d 1451, 1453. The Applicants submit the Examiner has failed to make a 
prima facie case of anticipation. That is to say, none of the art cited by the Examiner in the 
instant Action discloses each and every element of the invention as claimed. 
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While the Examiner alleges that numerous references disclose the administration of 
sterile leukotriene solutions, the Examiner presents no evidence to show that these references 
anticipate the Applicants' presently amended claims. That is to say in order to further their 
business interests and without acquiescing to the Examiner's arguments, while expressly 
reserving the right to prosecute claims as originally filed (or claims similar thereto), the 
Applicants have amended each of the pending independent claims such that the claimed 
solution comprises a sterile liquid vehicle, an antibiotic and a leukotriene dissolved in said 
sterile liquid vehicle, wherein said solution is an aerosol 

Specifically, the Applicants have further clarified their preferred embodiment, set out 
in each independent claim, by reciting antibiotics as discussed in the specification (see 
Applicants' Specification pg 6 In 5-6). The Applicants submit that none of the cited 
references offered by the Examiner discloses or suggests a solution for the treatment of a 
microbial infection wherein said solution comprises a sterile liquid vehicle, an antibiotic and a 
leukotriene dissolved in said sterile liquid vehicle.* Furthermore, the art is also silent on the 
embodiments of the invention as claimed wherein said solution is in an intratracheal 
instillation device, said instillation device being selected from the group consisting of an 
endotracheal tube and a bronchoscope. The Applicants, therefore, respectfully request the 
Examiner withdraw all pending anticipation rejections. 

B. The Claims Are Not Obvious' Under 35 U.S.C, § 103(a) 

1. The Examiner Fails to Make A Prima Facie Case of Obviousness 

The Examiner rejects, under 35 U.S.C. § 103(a), claims 22-25, and 27-37 as being 
unpatentable over Gosselin et al. (U.S. Patent 5,789,441; priority to February 15, 1996) in 



With regard to U.S. patent 5,789,441 to Gosselin et al., filed on February 1 1, 1997, Applicants note this 
patent (i.e. the '441 patent) is a Continuation-in-part of application serial number 08/602,059 filed 
February 15, 1996. Upon review of the specification in application serial number 08/602,059 (an 
uncertified copy of which is attached for the Examiner's reference at Tab 1), Applicants note Gosselin 
et al. are silent on the preparation of any therapeutic agent as an aerosol or a sterile solution. That is to 
say, Gosselin et al. only teach "aerosols" (Col. 11, line 31) and "sterile solutions" (Col. 12, line 15) in 
the Continuation-in-part application (e.g. the '441 patent) which post dates the priority date (i.e. 
December 03, 1996) of the Applicants' instant application. Therefore the '441 patent is not prior art, 
vis-a-vis the Applicants' claimed embodiments reciting an "aerosol" and a "sterile solution", as these 
limitations were first presented, by Gosselin et al., in an application the filing of which post dates the 
filing of the instant application. The '441 patent to Gosselin et al., therefore, cannot anticipate the 
embodiments of the invention as presently claimed. 
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view of Fujimura et al. (1991; Prostaglandins 42(4):379-389). The Examiner also rejects, 
under 35 U.S.C. § 103(a), claims 22-25, and 27-37 as being unpatentable over Gosselin et al. 
(U.S. Patent 5,789,441; priority to February 15, 1996) in view of Ludwig et al. (1998; J. 
Appl. Physiol. 65(3): 1424-1429). The Applicants respectfully disagree. 

The Examiner is reminded a prima facie case of obviousness requires citation to a 
combination of references which (a) disclose the elements of the claimed invention, (b) 
suggests or motivates one of skill in the art to combine those elements to yield the claimed 
combination, and (c) provides a reasonable expectation of success should the claimed 
combination be carried out. Failure to establish any one of the these three requirements 
precludes a finding of a prima facie case of obviousness, and, without more, entitle the 
Applicants to allowance of the claims in issue. See, e.g.. Northern Telecom Inc, v. Datapoint 
Corp,, 15 USPQ2d 1321, 1323 (Fed. Cir. 1990). 

The Applicants respectfully submit the Examiner has failed to establish any of the 
three elements of a prima facie case of obviousness. In addressing this rejection, Applicants 
focus on independent claims 22, 28, and 33 since non-obviousness of an independent claim 
necessarily leads to non-obviousness of claims dependent therefrom. See, MPEP 2143.03. 

2. The Cited Art Is Deficient 

In the Office Action mailed July 15, 2003 the Examiner states that, "[t]he rejection of 
claims 22-25 and 27-37 under 35 U.S.C. 103(a) as being unpatentable over Gosselin et al. 
(USP 5,789,441; priority 15, 1996) as set for in the previous Office Action is withdrawn." 
Applicants respectfully submit the Examiner's subsequent combination of Gosselin with 
Fujimura et al. and Ludwig et al., in the pending Office Action, fails to remedy the 
deficiencies of Gosselin in view of the pending claim set. 

3. No Motivation to Combine the References 

A proper analysis, in view of 35 U.S.C. §103, demands the references cited by the 
Examiner be considered as whole and must suggest the desirability and, thereby, the 
obviousness of making the combination. Hodash v. Block Drug Co., Inc., 786 F.2d 1136, 
1143, n. 5, 229 USPQ 182, 187, n.5 (Fed. Cir. 1986). Applicants submit that references 
cannot be considered collectively until the Examiner points to some motivation to combine 
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said references. This analysis prevents the Examiner from using the instant Specification to 

reconstruct, in hindsight, the invention as claimed. The Federal Circuit, in a recent decision, 

articulated the policy behind this analysis: 

To prevent the use of hindsight based on the invention to defeat patentability of 
the invention, this court requires the examiner to shov^ a motivation to combine 
the references that create the case of obviousness. In other words, the examiner 
must show reasons that the skilled artisan, confronted with the same problems 
as the inventor and with no knowledge of the claimed invention, would select 
the elements from the cited prior art references for combination in the manner 
claimed. 

See In re Rouffet et al, 149 F.3d 1350, 47 USPQ2d 1453 (Fed. Cir. 1998). 

None of the prior art cited by the Examiner suggests the desirabiUty of making the 
combination of elements which recapitulates the invention as claimed. In the Office Action 
mailed on July 15, 2003, the Examiner presents bald conclusions in place of reasoned 
motivation, as articulated by the Federal circuit, to combine the cited art. That is to say, the 
Examiner consistently invokes the mantra, "it would have been obvious. . ."to justify the 
modification of the cited art to provide missing elements of the invention as claimed.^ The 
Rouffet court, however, admonishes against such an unsupported statements. Indeed, the 
Federal Circuit stated: 

The Board did not . . . explain what specific understanding or technological 
principal within the knowledge of one of ordinary skill in the art would have 
suggested the combination. Instead, the Board merely invoked the high level of 
skill in the art. If such a rote invocation could suffice to supply a motivation 
to combine, the more sophisticated scientific fields would rarely, if ever, 
experience a patentable technological advance. Instead, in complex scientific 
fields, the Board could routinely identify the prior art elements in an 
application, invoke the lofty level of skill, and rest its case for rejection. To 
counter this potential weakness in the obviousness construct, the suggestion to 
combine requirement stands as a critical safeguard against hindsight analysis 
and rote application of the legal test for obviousness. Rouffet, 47 USPQ2d at 
1458. 

Indeed, the cited art provides no motivation to combine the references to teach the 
embodiment of the invention as presently claimed. Moreover, even if these references are 
improperly combined they do not recapitulate each and every element of the claimed 
embodiments of the present invention. Specifically, these references are silent on a solution 



See, pages six and seven of the Office Action mailed July 15, 2003. 
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comprising a solution, for the treatment of a microbial infection, comprising a sterile liquid 
vehicle, an antibiotic and a leukotriene dissolved in said sterile liquid vehicle wherein said 
solution is an aerosol (emphasis added). Applicants respectfully submit, therefore, that the 
references cited are inadequate to sustain a rejection under 35 U.S.C. § 103(a). 



The Applicants believe that the arguments and claim amendments set forth above 
traverse the Examiner's rejections and, therefore, request that all grounds for rejection be 
withdrawn, for the reasons set above, and that the instant application be passed to allowance. 
Should the Examiner believe that a telephone interview would aid in the prosecution of this 
application, the Applicants encourage the Examiner to call the undersigned collect at 
617.984.0616. 



CONCLUSION 



Dated: 



Januarv 15, 2004 




Thomas W. Brown 
Registration No. 50,002 



Medlen & Carroll, llp 
101 Howard Street, Suite 350 
San Francisco, California 94105 
617.984.0616 
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(a) Field of the Invention 



5 The invention relates to the demonstration of 

the antiviral activity of leukotriene B4 {LTB4) which 
might serve as a therapeutic agent in viral infections 
caused by human and animal viruses, 
(b) Description of Prior Art 

10 Many important infectious diseases afflicting 

mankind are caused by viruses. Some are important 
because they are frequently fatal; among such are 
rabies, smallpox, poliomyelitis, hepatitis, yellow 
fever, immune deficiencies and various encephalitic 

15 diseases. Others are also important because they are 
very contagious and create acute discomfort such as 
influenza, measles, mumps and chickenpox, as well as 
respiratory-gastrointestinal disorders. Others such as 
rubella and cytomegalovirus can cause congenital 

20 abnormalities. Finally, there are viruses, known as 
oncoviruses, that can cause tumors and cancer in 
humans and animals. 

Among viruses, the family of Herpesviridae is 
of great interest. Herpesviruses are highly dissemi- 

25 nated in nature and highly pathogenic for man. For 
example, Epstein-Barr virus (EBV) is known to cause 
infectious mononucleosis in late childhood, adoles- 
cence or in young adults. The hallmarks of acute 
infectious mononucleosis are sore throat, fever, head- 

30 ache, lymphadenopathy , enlarged tonsils and atypical 
dividing lymphocytes in the peripheral blood. Other 
manifestations frequently include mild hepatitis, 
splenomegaly and cerebritis (for review see Miller G., 
In: Virology^ B.N. Fields & D.M. Knipe ed., Raven 

35 Press, 1990, pp. 1921-1958). EBV is also associated to 
two forms of cancer: Burkitt's lymphoma (BL) and the 
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nasopharyngeal carcinoma (NPC). In endemic areas of 
equatorial Africa, BL is the most common childhood 
malignancy/ accounting for approximately 80% of 
cancers in children. While moderately observed :in 
5 North American Caucasians, NPC is one of the most 
common cancers in Southern China with age incidence of 
26 to 55. EBV, like the cytbmegalovirus , is also 
associated to the post-transplant lymphoprolif erative 
disease, which is a potentially fatal complication of 
10 chronic immunosuppression following solid organ or 
bone marrow transplantation. 

Another Herpesvirus, named Herpes Simplex 
type 1 (HSV-1) is identified as the etiologic agent of 
gingivostomatitis. Manifestations are fever, sore 
15 throat, ulcerative and vesicular lesions in the mouth. 
The most severe clinical state caused by HSV is the 
primary genital herpetic infection. While HSV-1 can 
cause genital herpetic infection, HSV-2 is the main 
virus associated to this disease. This HSV infection 
is accompanied by vesicles, pustules and ulcers caus- 
ing lesions on genital parts. A urinary retention syn- 
drome may also be encountered. More than 80% of people 
are seropositive to HSV-1 or HSV-2 and studies have 
indicated a frequency of recurrence or viral reactiva- 
25 tion as high as 60%. Other diseases are also associ- 
ated to HSV such as skin and eye infections such as 
chorioretinitis or kerato-conjunctivitis . Approxi- 
mately 300, 000 cases of HSV infections of the eye are 
diagnosed yearly in United States. 
30 Human Herpes virus-6 (HHV-6) has a marked tro- 

pism for cells of the immune system and therefore, 
HHV-6 infection may result in alteration of the immune 
response. It is now clear that HHV-6 is the cause of 
exanthem subitum as a primary infection in children. 
35 Recent studies indicate that a significant proportion 
of organ transplant recipients which are seropositive 



20 
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before transplantation, demonstrate serologic evidence 
of reactivation subsequent to immunosuppression. Het- 
erophil-negative mononucleosis-like illness and non-A, 
non-B hepatitis also have been associated to active 
5 HHV-6 infection. HHV-6 has. often been isolated from 
patients with human immunodeficiency virus (HIV) in- 
fections. The fact that HIV and HHV-S can reside in 
the same target cell have led to the speculation that 
HHV-6 infection may act as a cofactor in the progres- 

10 sion of HIV-seropositive patients to symptomatic AIDS. 
Recent studies also suggest that a human herpesvirus 
is closely associated to HIV diseases. In fact, 
Kaposi sarcoma (KS), a neoplasm occurring mainly in 
HIV-infected person, was found to have an infectious 

15 etiology. While the virus has been, named KS-associ- 
ated herpesvirus, its formal classification is likely 
to be HHV-8. 

In all infectious diseases, the efficacy of 
therapy often depends on the host immune response - 

20 This is particularly true for Herpesviruses; indeed, 
the ability of all Herpesviruses to establish latent 
infections results in an extremely high incidence of 
reactivated infection in immunocompromised patients . 
In renal transplant recipients, 40% to 70% reactivate 

25 latent HSV infections, and 80% to 100% reactivate CMV 
infections . Such viral reactivations have also been 
observed in HIV-positive patients (AIDS). 

Today, the number of therapeutic agents used 
for the treatment of viral infections remain rela- 

30 tively limited. For example, four major compounds are 
mainly used in the treatment of Herpesvirus infec- 
tions : Idoxuridine, Vidarabine, Acyclovir and Ganci- 
clovir. Their efficacy is limited and they cause many 
side effects. Allergic effects have been reported in 

3 5 35% of patients treated with Idoxuridine which is used 
only to treat HSV infection of the eye. The most com- 
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mon side effects of Vidarabine are gastrointestinal 
disturbances (15% of patients). The major side effect 
of Acyclovir is the alteration of renal function. 
Since Acyclovir is a nucleoside analog that can be 
5 incorporated in both viral and host cell DNA, normal 
division of host cell can be affected. Regarding Gan- 
ciclovir, the most important side effects are neu- 
tropenia and thrombocytopenia that occur in about 40% 
of AIDS patients - 

10 Thus, there is an urgent need for the develop- 

ment of more efficacious therapeutic agents for the 
treatment of viral infections with fewer side effects. 

Leukotriene B4 (LTB4 [5S,12R- 

6, 8, 10, 14( Z,E,E, Z)-eicosatetraenoic acid]) is a known 

15 natural molecule with many reported biological proper- 
ties. In fact, LTB4 is a metabolite of arachidonic 
acid which is derived from the 5-lipoxygenase pathway. 
LTB4 is considered as a potent pro-inflammatory com- 
pound; its most important biological activity is its 

20 chemotactic and chemokinetic effects on leukocytes. 
Indeed, LTB4 has been shown to be a potent chemoat- 
tractant for human polymorphonuclear leukocytes, mono- 
cytes and macrophages, both in vitro and in vivo. LTB4 
also activates other leukocyte functions such as 

25 degranulation and superoxide anion synthesis. Because 
of these pro-inflammatory effects, LTB4 is considered 
as a putative component in defense mechanisms. More- 
over, LTB4 is synthesized by inflammatory cells such 
as polymorphonuclear leukocytes, monocytes and macro- 

30 phages. 

LTB4 has also been shown to exert immunomodula- 
tory activities. Indeed, LTB4 was found to induce sup- 
pressor cell activity in human peripheral blood mono- 
nuclear leukocyte cultures; the induced suppressor 
35 cell activity inhibited the proliferative response of 
human lymphocytes to mitogens (Rola-Pleszczynski M. , 
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et al., BloChem, Blophys. Res. Comm, , 1982, 108:1531). 
It was also shown that LTB4 increases human natural 
cytotoxic cell activity against K562 erythroleukemia 
cells and against the human prostatic adenoma MA-160 
5 cells either uninfected or persistently infected with 
Herpes simplex virus type 1 (HSV-1) (Rola-Pleszczynski 
M., et al., BloChem, Biophys." Res, Comm., 1983, 
113:531; Gagnon L., et al.. Ceil Immunol., 1987, 
110:243). Other studies indicated that in addition to 

10 LTB4, LTA4, LTD4, 5-hydroperoxy-eicosatetraenoic acid 
and 15-hydroperoxy-eicosatetraenoic acid also enhanced 
human natural killer cell cytotoxicity 

(Rola-Pleszczynski, M., et al. Prostaglandins Leu- 
kotrlenes Med., 1984, 13:113; Rossi P., et al.. Cell 

1.5 Immunol., 1985, ' 93 : 1) . 

To date, there is no report of antiviral activ- 
ity of LTB4. 

A family of molecules collectively called the 
prostaglandins (prostaglandins A, B, D, J, E and I) 

20 which are structurally related to LTB4, have been 
repeatedly demonstrated to exert antiviral and 
anti-cancer activity both in in vitro and in vivo sys- 
tems. The prostaglandins are also derived from 
arachidonic acid but originate from a different bio- 

25 synthetic pathway, the cyclooxygenase pathway. 

United States Patent No. 4,689,426 issued on 
August 25, 1987 in the names of Sugiura et al. 
describes cyclopentenone derivatives related to pro- 
staglandin A or D which possess anti-tumor and antivi- 

30 ral activities. 

Although, the prostaglandins may have been 
shown to have some antiviral activities, they all 
caused undesirable side effects and appear to be much 
less active, on a molar basis, than LTB4. when tested 

35 in vitro. 
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It would be highly desirable to be provided 
with an antiviral agent with greater efficacy and 
which would not present the undesirable side effects 
of the known antiviral agents - 

5 

SimmRY OF THE INVENTION 

The expression "human and animal viruses" is 
intended to include, without limitation, DNA and RNA 
viruses in general and Retroviridae . DNA viruses 

10 include parvoviridae, papovaviridae, adenoviridae , 
herpesviridae, poxviridae and hepadnaviridae . RNA 
viruses include picornaviridae, togaviridae, 
orthomyxoviridae, paramyxoviridae, coronaviridae, 
reoviridae, oncornaviridae and filoviridae. 

15 One aim of the present invention is to provide 

an antiviral agent which would be more efficacious for 
the prophylaxis and treatment of viiral infections and 
would not present the undesirable side effects of the 
known antiviral agents. 

20 Another aim of the present invention is to pro- 

vide an antiviral agent for the prophylaxis or treat- 
ment of cancers induced by oncoviruses such as 
retroviruses, papillomaviruses, adenoviruses and her- 
pesviruses. 

25 Another aim of the present invention is to pro- 

vide an antiviral agent for the prophylaxis or treat- 
ment of viral infections in immunosuppressed patients 
and animals. 

Another aim of the present invention is to pro- 
30 vide an anticancer agent for the treatment of cancer. 

Another aim of the present invention is to pro- 
vide a therapeutic agent for the . treatment of bacte- 
rial and fungal infections. 

In accordance with the present invention there 
35 is provided the use of leukotriene B4 (LTB4) agent as 
an antiviral agent against Herpesviruses selected from 
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the group consisting of EBV, HSV-1, HSV-2, CMV, V2V, 
HHV-6, HHV-7. HHV-8. 

In accordance with the present invention there 
is provided the use of LTB4 agent as antiviral agent 
5 against HIV-1 and HIV-2 and against other human and 
animal viruses, including, but not limited to, porcine 
enteroviruses belonging to the picornaviridae or 
bovine diarrhea virus belonging to the Togaviridae 
family, or bovine respiratory syncytial virus belong- 

10 ing to the paramyxoviridae . 

In accordance with the present invention there 
is provided the use of LTB4 agent as an antiviral 
agent in the treatment of viral infections in humans 
and animals in association with other, antiviral 

15 agents, including but not limited to interf eron-a, -p, 
-y, tumor necrosis factor a. Ganciclovir, Acyclovir, 
Vidarabine, Idoxuridine, and prostaglandins or prosta- 
glandin analogs. 

In accordance with the present invention, there 

20 is provided the use of LTB4 agent as an antiviral 
agent for the prophylaxis and treatment of cancers 
induced by oncoviruses such as retroviruses, papillo- 
maviruses, adenoviruses and herpesviruses. 

In accordance with the present invention, there 

25 is provided the use of LTB4 agent as an antiviral 
agent against cancers induced by oncoviruses in asso- 
ciation with other anticancer agents including but not 
limited to adriamycine, cyclophosphamide and methot- 
\ rexate. 

30 In accordance with the present invention, there 

is provided the use of LTB4 agent as an antiviral 
agent for the prophylaxis and treatment of viral 
infections in immunosuppressed patients and animals. 

Immunosuppressed patients include patients who 

35 underwent organ or tissue transplantation and are 
treated with immunosuppressive agents including but 
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not limited to azathioprine, corticosteroids, 
adriamycine, cyclophosphamide and methotrexate. 
Immunosuppressed patients also include patients with 
any form of cancer or neoplasic diseases treated or 
5 not with anticancer chemotherapeutic agents including 
but not limited to adriamycine, cyclophosphamide and 
methotrexate. Immunosuppressed patients also include 
patients with inflammatory diseases treated with anti 
inflammatory agents including but not limited to 

10 corticosteroids, methotrexate, azathioprine and 
cyclophosphamide. Immunosuppressed patients also 

include patients with shock or severe trauma including 
but not limited to burn injury, or patients undergoing 
chronic hemodialysis. 

15 In accordance with the present invention, there 

is provided the use of LTB4 agent as an antiviral 
agent against viral infections in immunosuppressed 
patients and animals in association with other antivi- 
ral agents. 

20 In accordance with the present invention, there 

is provided the use of LTB4 agent as an anticancer 

agent for the treatment of cancers. 

In accordance with the present invention, there 

is provided the use of LTB4 agent as an anticancer 
25 agent for the treatment of cancers in association with 

pther anticancer agents including but not limited to 

adriamycine, cyclophosphamide and methotrexate. 

In accordance with the present invention, there 

is provide the use of LTB4 agent as a therapeutic 
30 agent against bacterial Gram + and - infections or 

fungal infections, alone or in association with other 

antibacterial or antifungal agents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 Fig. 1 illustrates the effects of LTB4 on clump 

formation induced by EBV; 
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Fig. 2 illustrates the effects of LTB4 on 
EBV-induced synthesis of EBNA protein; • 

Fig. 3 shows the inhibition of the HSV-1 
induced cytopathic effect (formation of syncicia) by 
5 LTB4; 

Fig. 4 shows the effect of LTB4 on cell viabil- 
ity; and 

Fig. 5 illustrates a comparative study (one 
experiment) of the effects of LTB4 and Acyclovir on 
10 clump formation induced by EBV (A) and also on 
EBV-induced synthesis of EBNA protein (B). 

DETAILED DESCRIPTION OF THE INVENTION 

The leukotriene B4 (LTB4) agent of the present 

15 invention is either LTB4 or certain related compounds, 
all of which are polyunsaturated fatty acids. They are 
either natural substances produced by activated 
mammalian blood cells or analogs . of such natural 
substances. All of the LTB4 agents can be obtained by 

20 chemical synthesis by methods described. in the litera- 
ture and most are commercially available. 

As used herein, the term "LTB4 agent" means one 
or more of the following polyunsaturated fatty acids, 
which in addition to LTB4 itself, are analogs of LTB4, 

25 or precursors or metabolites of LTB4 or LTB4 analogs: 
LTB4, 14, 15-dihydro-LTB4, 17 , 18-dehydro-LTB4 , 19-hy- 
droxy-LTB4, 20-hydroxy-LTB4 and their 5(R)-hydroxy, 5- 
keto, 5(S)hydroperoxy, 5(R)-hydroperoxy and 5-deoxy 
analogs; LTA4; 17 , 18-dehydro-LTA4; 5(S)-hydroxy- 

30 6, 8,11, 14(E, Z,2,Z)-eicosatetraenoic acid ( "5-HETE" ) , 
14 , 15-dihydro-5-HETE, 17 , 1 8 -dehydro- 5-HETE, and their 
5 { R ) -hydroxy , 5 -keto , 5 ( S ) -hydr oper oxy , 5 ( R ) -hy dr oper - 
oxy . analogs; . 12(R)-hydroxy-5, 8,10,14(Z,Z,E,Z)- 
eicosatetraenoic acid ( "12-HETE" ) , 14 , 15-dihydro-12- 

35 HETE, 17,18-dehydro-12-HETE and their 12-keto and 12- 



- 10 - 



hydroperoxy analogs; and 12-oxo-5, 8 , 10 ( Z , Z , E) -dode- 
catrienoic acid. 

The term LTB4 agent also includes variants 
where a modification is introduced into the molecule 
5 by reacting targeted functional groups of the fatty • 
acid with an organic derivatizing agent that is capa- 
ble of reacting with the selected functional group or 
to cause intramolecular rearrangement (such as the 
formation of lactones with hydroxylated fatty acids). 

10 The resulting compounds may have altered biological 
activity and/or bioavailability. Thus, the covalently 
modified fatty acid can be a pro-drug with reduced 
biological activity which upon in vivo administration 
is slowly transformed into a more active molecule 

15 (underivatized LTB4 agent). Variants may also be me- 
tabolically stable and biologically active analogs of 
LTB4 agents altered in a way that will result in 
retarded disposition of the compound (decreased 
metabolism and/or elimination). Variants with modifi- 

20 cations at the omega end (for instance, 20 , 20, 20-tri- 
f luoromethyl-LTB4 ) show increased resistance to 
omega-oxidation (a catabolic process of unsaturated 
fatty acids ) and variants with modifications at the 
carboxylic end, at the level of carbon 1, 2 or 3 (for 

25 example, 3-thio-LTB4, 3-hydroxy-LTB4, LTB4 methylsul- 
fonylamide, LTB4 methylamide, 1-tetrazide LTB4 ) , show 
increased metabolic resistance to beta-oxidation 
and/or to elimination (such as uptake by pro- 
benecid-sensitive organic acid transporter). Other 

30 variants are analogs of LTB4 agents with minimal 
structural changes, such as increased or decreased 
chain length (chain length of 17 or 18 or 19 or 21 or 
22 or 23 carbons instead of 20), additional double 
bond(s), deleted double bond(s), altered double bond 

35 geometry (cis to trans or vice versa), or where the 
positions of one or ..twp functional groups and/or one 
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or more of the double bonds have been moved one or two 
carbons relative to the omega end. The LTB4 agent may 
be a variant carrying one or several of the above men- 
tioned structural modifications. The LTB4 agents and 
5 variants of IiTB4 agents show significant biological 
activity analogous to that of LTB4 in various biologi- 
cal systems, including but not limited to the activa- 
tion of human neutrophils, and are thus likely to 
exert an antiviral activity similar to that of LTB4 . 

10 They are included within the scope of this invention. 
The term LTB4 agent also includes antibodies to the 
LTB4 receptor, or anti-idiotypic antibodies to anti- 
bodies raised against LTB4 or one of the above-men- 
tioned analogs or variants of LTB4, which might elicit 

15 an LTB4-like biological response, such as an antiviral 
effect. 

The antiviral activity of LTB4 against two Her- 
pesviruses, EBV and HSV-1 have been studied. Human 
peripheral blood mononuclear cells were cultured in 

20 the presence or absence of IiTB4 at three different 
concentrations. After twelve days of culture (single 
addition of LTB4 on day 1), two parameters were evalu- 
ated: the formation of clumps or rosettes, which mor- 
phologically characterizes the EBV-infected cells, and 

25 the presence of Epstein-Barr Virus Nuclear Antigen 
(EBNA), a viral antigen synthesized in EBV-infected 
cells. The results obtained show that LTB4 markedly 
affected the formation of clumps. Similarly, the per- 
centage of EBNA-positive cells was strongly decreased 

30 by more than 80% with 0.3 nM LTB4 and almost totally 
with a concentration of 3 nM. The cytotoxic effect of 
HSV-1 infection was monitored by the presence of large, 
multinucleated cells (syncicia). Again, the presence 
of LTB4 in the cell culture media strongly decreased 

35 the formation of syncicia induced by HSV-1. Interest- 
ingly,, in all cellular cultures, the cell viability 
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was comparable to that of the unstimulated cells 
(controls) cultured during the same period of time, 
indicating that LTB4. exerts no direct cytotoxic effect 
on the cells, Furthermbte, in one experiment, LTB4 was 
5 found to inhibit (>'50%) the viral replication of EBV 
using the B95-8 cell lines. These results clearly show 
that LTB4 exerts a very potent antiviral effect 
against two Herpesviruses without cytotoxic effect on 
the uninfected cells. It is • fibteworthy that Ganci- 

10 clovir was shown to have IC50 values of 1 and 2.4 

in in vitro assays of viral replication (EBV and HSV, 
respectively) (Matthews and Boehms, -Rev Jnf. Dls, , 
1988, 10, suppl. 3:490). Preliminary comparative study 
shows that LTB4 exerts potent antiviral activities as 

15 compared to Acyclovir. It is possible that the struc- 
ture of LTB4 could be modified in order to provide a 
molecule with even higher antiviral activity or alter- 
natively, a molecule with increased bioavailability 
(for example, decreased lipophilicity or enhanced 

20 resistance to metabolism in vivo) . 

Thus, the results suggest that LTB4 can be use- 
ful in the treatment of viral infections in humans and 
animals. Because the data show, that LTB4 exerts 
antiviral activity against 2 types of viruses, and 

25 thus is not specific to a single type of virus, it 
might be useful for the treatment of viral infections 
caused by any type of viruses. ' 

The present invention will be more readily un- 
derstood by referring to the following examples which 

30 are given to illustrate the invention rather than to 
limit its scope. 
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EXAMPLE I 

Assay for EBV-induced clump formation and BBNA synthe- 
sis in peripheral blood mononuclear cells 

Clump formation 

5 Peripheral blood mononuclear cells (PBMC) were 

obtained from healthy donors after dextran sedimenta- 
tion and centrif ugation on Ficoll-Paque*^ gradients as 
previously described by Boyum A. AScand. J. Immunol., 
1976, 5(5): 9). Cells were resuspended, in RPMi-1640 

10 medium supplemented with 10% heat inactivated FCS in 
the presence of infectious EBV, strain B95-8, at a 
viral titer of 10^ transforming units {TFU)/ml. When 
indicated, EBV-infected PBMC were simultaneously 
treated with different concentrations of LTB4, i.e. 

15 0.3, 3.0 and 30 nM, respectively. Cells were cultured 
in 96-well microplates (10^ cells/ml at 200 ^l/well ) 
during twelve days, and clump formation, which charac- 
terizes the EBV-infected cells was evaluated with an 
inverted microscope (100 X) (Figs. lA, IB, IC). 

20 Cells were cultured in microplates and the 

clumps were counted in each well. Results show the 
mean number of clumps per well + S-D. in 3 different 
experiments (A,B,C) (A, n = 24 wells; B, n = 36 wells; 
C, n = 36 wells). NS: nonstimulated cells. 

25 Detection of EBNA antigen 

After twelve days of culture, cells were har- 
vested for determination of the presence of EBNA anti- 
gen, a consequence of EBV infection- Preparation of 
cell smears, fixation and detection of EBNA by the 

30 anti-complement immunofluorescence (ACIF) test were 
carried out as described by Reedman B.M. and Klein G. 
{Int. J. Cancer, 1973, 11:499). Smears were prepared 
by spreading 50 ^il of a concentrated suspension of 
washed cells (2 x lO^/ml) on clean slides, air dried 

35 and fixed in cold acetone (-20*0 during 10 minutes. 
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Human serum (50 [xD from EBV seropositive donor was 
used as a source of complement. Slides were incubated 
at room temperature in a humid chamber during 45 min- 
utes. Slides were then washed, three times in phosphate 
5 buffer saline (PBS) and stained with 50 ^1 of fluo- 
rescein-5-isothiocyanate (FITC "Isomer I" ) -conjugated 
goat IgG fraction anti-human "complement C3 (Cappel) 
during 60 minutes at room temperature in a humid cham- 
ber. Slides were washed in PBS (3 times) and mounted 

10 in PBS: glycerol 1:1 and examined. Raji and U937 cells 
were used as positive and negative controls, respec- 
tively (Figs. 2A, 2B & 2C). 

Detection of EBNA was evaluated by the 
anti-complement immunofluorescence (ACIF) test. Data 

15 show the means of 24, 36 and 36 cultures for donor A, 
B and C, respectively. Cells not exposed to EBV showed 
no detectable EBNA antigen. 

EXAMPLE II 

20 Assay for HSV-1 infection 

PBMC were infected with HSV-1 (strain Mclntyre) 
at a TCID50 of 10*7 /ml, and treated or not. with differ- 
ent concentrations of LTB4 (0.3, 3.0 and 30 nM) as 
described in Example I. Infection of PBMC was moni- 

25 tored by the formation of large multinucleated cells 
(syncicia) (Fig. 3). 

Results are representative of 8 cultures from 
two different donors and are given in arbitrary units: 
positive, 8 to 10; moderately positive, 4 to 7 ; weakly 

3 0 positive, 1 to 3 . Cells not exposed to HSV-1 do not 
form syncicia. 

EXAMPLE III 
Assay for LTB4 cytotoxicity 

In cell cultures described in Examples I and 
35 II, the cytotoxic effect of LTB4 was assessed by the 
trypan blue dye exclusion test at concentrations up to 
30 nM. LTB4 was found to exert no cytotoxic effect 
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(Fig. 4). Cell viability was assessed by the trypan 

blue exclusion test; values (from 1 experiment 

representative of 3 ) represent the mean cell viability 

in cell cultures (n = 24).. 

5 EXAMPLE IV 

Comparative antiviral effects of LTB4 and acyclovir on 

EBV infection 

PBMC (10^ cells/ml) were cultured in micro- 
plates (96 wells) at 2 X 10^ cells/well and infected 

10 with EBV (10*7 TPU/ml) as described in Example I. At 
one hour post-infection, cell cultures were treated 
with LTB4 (3 nM) or with different concentrations of 
Acyclovir ( acycloguanosine) , i.e. 1000 or 3000 nM. 
After seven days of incubation, clump formation 

15 (Fig. 5A) and EBNA synthesis (Fig. 5B) were evaluated 
as described in Example I. 

Clump formation was evaluated in microplates 
and detection of EBNA was performed by the ACIF test 
on 36 cultures. 

20 While the invention has been described in con- 

nection with specific embodiments thereof, it will be 
understood that it is capable of further modifications 
and this application is intended, to cover any varia- 
tions, uses, or adaptations of the invention follow- 

25 ing, in general, the principles of the invention and 
including such departures from the present disclosure 
as come within known or customary practice within the 
art to which the invention pertains and as may be ap- 
plied to the essential features hereinbefore set 

30 forth, and as follows in the scope of the appended 
claims.. 
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WE CLAIM ; 

X- The use of leukotrien^^^ , (LTB4 y^^gent as an 

antiviral agent against human and animal viruses - 

2. The use of claim 1, wherein said human and ani- 
mal viruses are selected from the group consisting of 
DNA viruses, RNA viruses and Retroviridae . 

3. The use of claim 2, wherein said DNA viruses 
are selected from the group consisting of parvoviri- 
dae, papovaviridae, adenoviridae, herpesviridae, 
poxviridae and hepadnaviridae . 

4. The use of claim 3, wherein said herpesviridae 
is selected from the group consisting of EBV, HSV-1, 
HSV-2, CMV, VZV, HHV-6, HHV-7, HHV-8. 

5. The use of claim 2, wherein said RNA viruses 
are selected from the group consisting of picornaviri- 
dae, togaviridae, orthomyxoviridae, paramyxoviridae, 
coronaviridae, reoviridae, oncornaviridae and 
f iloviridae . 

6. The use of claim 5, wherein said togaviridae 
virus is a bovine diarrhea virus. 

7. The use of claim 5, wherein said picornaviridae 
virus is a porcine enterovirus. 

8. The use of claim 5, wherein said animal virus 
is a paramyxoviridae or bovine respiratory syncytial 
virus . 
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9. The use of claim 2, wherein said human virus is 

a Retroviridae selected from HIV-1 and HIV-2. 

yo. The use of LTB4 agent as an antiviral agent in 
the prophylaxis and treatment of viral infections in 
humans and animals in association with different 
antiviral agents . 

11. The use of claim 10, wherein said different 
antiviral agents are selected from the group consist- 
ing of interferon-a, -p, -y, tumor necrosis factor a. 
Ganciclovir, Acyclovir, Vidarabine, Idoxuridine, pro- 
staglandins and prostaglandin analogs. 




The use of LTB4 agent as an antiviral agent in 



the prophylaxis and treatment of cancer induced by 
oncogene viruses. 

1/. The use of LTB4 agent as an antibacterial agent 
against Gram positive arid negative microorganisms. 

1/. The use of LTB4 agent as an antiviral agent for 

the prophylaxis or treatment of viral infections in 
immunosuppressed . patients and animals, or in patients 
treated with drugs known to enhance the occurrence of 
viral infections. 

15. The use of claim 14, wherein said drugs are 
selected from the group consisting of azathioprine, 
corticosteroids, adriamycine, cyclophosphamide and 
methotrexate. 



The use of LTB4 agent as an anticancer agent 
for the treatment of cancers. 
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The use of LTB4 agent as an anticancer agent 
for the treatment of cancers in association with other 
anticancer agents selected from the group consisting 
of adriamycine, cyclophosphamide and methotrexate. 

y^. The use of LTB4 agent as an antibacterial agent 
in the treatment of bacterial infections in humans and 
animals in association with" other antibacterial, 
agents. 

1^. The use of LTB4 agent as an antifungal agent 

against fungal infections in humans and animals in 
association or not with other antifungal agents. 

20. The use according to any of claims 1 to 19, 
wherein said LTB4 agent is selected from the group 
consisting of: 

LTB4; 14,15-dihydro-LTB4; 17 , 18-dehydro-LTB4 , 
19-hydroxy-LTB4 ; 20-hydroxy-LTB4 and 

5 ( R ) -hydroxy , 5-keto , 5 ( S ) -hydroperoxy , 

5(R)-hydroperoxy and 5-deoxy analogs thereof; 
LTA4 ; 17 , 18-dehydro-LTA4 ; 5 ( S ) -hydroxy- 

6, 8, 11, 14(E, 2, Z, Z)-eicosatetraenoic acid 
("5-HETE"); 14 , 15-dihydro-5-HETE; 17,18-dehy- 
dro-5-HETE? and 5 ( R ) -hydroxy , 5-keto, 
5 ( S ) -hydroperoxy , 5 ( R ) -hydroperoxy analogs 
thereof; 

.12(R)-hydroxy-5, 8, 10, 14 { Z , Z, E, 2 ) -eicosatet- 
raenoic acid ("12-HETE"); 14 , 15-dihydro-12- 
HETE; 17,18-dehydro-12-HETE and 12-keto and 12- 
hydroperoxy analogs thereof; and 
12-0x0-5, 8, 10(2, Z,E)-dodecatrienoic acid, 
and variants thereof. 
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ABSTRACT OF THE INVENTIOM 

The present invention relates to the use of the 
antiviral activity of leukotriene B4 (LTB4), variants 
and derivatives thereof as a therapeutic agent in 
viral infections caused by human and animal viruses . 
The present invention also relates to the use of LTB4 
as an anticancer agent in the prophylaxis and treat- 
ment of cancers induced by tumor viruses and in other 
neoplasic diseases. The human and animal viruses are 
DNA viruses, such as parvoviridae, papovaviridae, ade- 
noviridae, herpesviridae , poxviridae and hepadnaviri- 
dae; RNA viruses, such as picornaviridae, togaviridae, 
orthomyxoviridae, paramyxoviridae, coronaviridae, 
reoviridae, oncornaviridae and filoviridae in general; 
and Retroviridae such as HIV-1 and HIV-2. 
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